Introduction and Objectives: The natural history of patients with left main coronary artery disease (LMCAD) is largely unknown. Our objective was to analyse the predictors of long-term mortality in these patients, both those that have had surgery and those that have not undergone surgery for various reasons, in a cohort treated at a university hospital. 
Introduction
Due to its high mortality, according to current European and American guidelines for clinical practice [1] [2], the recommended procedure for improving the prognosis of patients with significant LMCAD is surgical revascularisation (SR). Although SR continues to be the leading method of treatment, it cannot always be used for various reasons such as high risk, poor coronary anatomy, advanced age and comorbidity, among others. In patients where SR is contraindicated, percutaneous coronary intervention (PCI) is a good alternative, as numerous studies comparing SR and PCI of the LMCAD [3] - [5] have shown. Complex anatomy or contraindication for dual antiplatelet therapy as well as other factors may also preclude treating patients by means of this method, leaving medical treatment as the only option. This means that in daily clinical practice, a certain percentage of patients with LMCAD do not undergo revascularisation and can only choose medical treatment [6] [7] . The current natural history of patients with LMCAD without revascularisation is not well known, as current research series examining the outcomes of surgical [8] or percutaneous [9] - [12] treatments do not cover the evolution of non-revascularised patients. Furthermore, today patients with ischemic heart disease are generally treated with pharmacological measures that are associated with a better prognosis. The real benefit of revascularisation compared to medical therapy must be understood, while taking into account that the clinical profile of these two groups of patients is usually different.
Our goal is to understand the impact of revascularisation in patients with LMCAD in an unselected sample, evaluating long-term survival and the subgroups that benefit most from the treatment, while considering the clinical and angiographic factors that influence the decision for percutaneous or revascularisation surgery.
Patients and Methods

Study Design and Population
We conducted an observational study of a retrospective cohort in which the initial reference population was 4851 consecutive patients from our immediate healthcare population who underwent coronary angiography in our hospital from 2001 to 2009. Our study population consisted of patients with newly diagnosed LMCAD (stenosis > 50%). Patients with significant associated valvular disease, or a history of previous heart surgery were excluded.
The following variables were obtained in a review of clinical records: age, sex, cardiovascular risk factors (diabetes, dyslipidemia, tobacco use, hypertension, family history of early-onset heart disease); history of cardiovascular disease (angina, myocardial infarction, heart failure, stroke or peripheral arterial disease); coronary angiography recommendation (scheduled elective or due to acute coronary syndrome or pulmonary oedema) and its result. The degree of stenosis of the LMCAD and the rest of the coronary anatomy was assessed by quantitative comparative analysis (QCA). The coronary angiography recommendation was attributed to clinical instability when requested in the context of an acute coronary syndrome or acute pulmonary oedema. LMCAD lesions were considered significant when the stenosis quantified exceeded 50% of the diameter of the artery, and severe LMCAD was defined as stenosis greater than 70%. Reduced ejection fraction (<50%) or normal ejection fraction were also noted. Clinical follow-up was performed in outpatient care, by phone or by review of computerised medical records. The events recorded during follow-up were cardiovascular death or death due to any other cause.
Statistical Analysis
The quantitative continuous variables with Gaussian distribution are described as mean ± standard deviation (SD), whereas those that do not follow that distribution according to the Kolmogorov-Smirnov test are shown as median and interquartile range (IQR). Categorical variables are described as frequencies. The episode-free survival curve was generated using the Kaplan-Meier estimator. To study whether there were differences in the distribution of clinical, demographic and angiographic variables in revascularised and medically treated patients, univariate analysis was conducted for quantitative variables using the student's t-test for independent samples and the nonparametric U Mann-Whitney test based on whether the sample distribution was normal or not. Categorical variables were compared between groups with the chi [2] test. To determine the factors associated with the mortality of these patients, we conducted a univariate analysis using Cox proportional hazards. Lastly, to independently determine predictors associated with mortality in the patients, a multivariate Cox proportional haz-ards analysis was performed using backward stepwise elimination (with an input value < 0.05 and a p value of output > 0.1). Variables that were distributed differently between the revascularised and medically treated groups as well as variables significantly associated with mortality in the univariate analysis and variables considered clinically relevant were included. Specifically, these included the following: age, sex, history of hypertension, diabetes mellitus, tobacco smoking, previous myocardial infarction, heart failure, reduced ejection fraction, instability, LMCAD above 70% and revascularisation. Possible interaction between the resulting variables of the final model was assessed using the chunk test, with absence of interaction considered to be p > 0.05. The results are presented as hazard ratios (HR) with confidence intervals of 95% (95% CI) and p values set at a level of statistical significance of p < 0.05. We performed a post hoc analysis of a set of variables to understand the unadjusted hazard risks for the benefit of revascularisation over medical therapy in specific subgroups of patients. Statistical analyses were conducted using the SPSS 15.0 statistics program for Windows (SPSS, Inc., Chicago, Illinois, USA).
Results
Of the 4851 consecutive coronary angiograms conducted from 2001 to 2009, we found 211 new diagnoses of LMCAD (stenosis > 50%), representing 4.3%. Of these, 46 patients were excluded due to previous coronary or valvular surgery or associated valvular disease, and two patients were excluded due to lack of follow-up. The study group consisted of 163 patients of whom 101 (62%) were revascularised with coronary surgery and eight (5%) by means of percutaneous coronary intervention. The remaining 54 patients (33%) were dismissed from any type of revascularisation, opting initially for medical treatment. The main reasons for dismissal from surgical revascularisation were distal beds unsuitable for surgery (47.1%); the presence of comorbidities (46.3%) such as severe lung disease; history of recent neurological vascular events; advanced age; peripheral artery disease and obesity; hemodynamic instability or shock including sepsis (4.7%); and patient refusal (1.9%).
The distinguishing characteristics between patients who were revascularised (surgically or percutaneously) and non-revascularised patients are shown in Table 1 . The revascularised patients were significantly younger and included a higher proportion of men and current smokers, less history of myocardial infarction and heart failure, and a greater proportion of severe LMCAD, although with a lower proportion of three-vessel disease compared to patients who were not revascularised.
During an average follow up of 57 months (IQR: 32 -98) revascularised patients had a cumulative incidence of mortality of 33%, with 68.6% due to cardiovascular causes compared to a cumulative incidence of mortality of 57.4% in patients who were not revascularised, with a median follow-up of 42 months (IQR: 17 -92), of which 67.7% were due to cardiovascular causes HR: 0.51 (0.32 -0.92), p = 0.006 (Figure 1) .
Predictors of Mortality
In an unadjusted analysis, the difference in the survival curves of revascularised and non-revascularised patients were statistically significant (logrank test p = 0.004) (Figure 1, Table 2 ). After adjusted analysis, the variables independently associated with mortality were age HR: 1.04 (1.02 to 1.07), p = 0.001; ventricular dysfunction HR: 2.87 (1.71 to 4.81), p = 0.001; clinical instability HR: 2.11 (1.09 to 4.13), p = 0.028; and LMCAD severity exceeding 70% HR: 1.79 (1.09 -2.91), p = 0.021 (Table 3) . No interaction was found between the variables of the final model (chunk test p > 0.05). Unadjusted hazard ratios for mortality related to revascularisation therapy and medical treatment in different subgroups of patients of clinical interest are shown in Figure 2 . When two or more categorical independent variables are selected for mortality (ventricular dysfunction, clinical instability and diagnosis of severe LMCAD), the survival curve of patients who received intervention were clearly more favourable than that of patients with no intervention. In contrast, the group of patients who had only one or no related variables showed no significant benefit in terms of mortality with revascularisation (Figure 3) .
Discussion
Our study demonstrates that coronary revascularisation in patients with LMCAD is associated with improved prognosis in unadjusted analysis. However, the prognosis actually depends primarily on patient comorbidity influenced by age, ventricular function, clinical instability at the time of diagnosis, and the severity of the LMCAD lesion.
Revascularisation in LMCAD
Clinical practice guidelines on revascularisation in patients with LMCAD lesions equal to or greater than 50% stipulate that coronary surgery has a Class I indication regardless of the severity of the lesion and the clinical status of the patient [1] . The indication for revascularisation of the LMCAD is mainly based on a meta-analysis of four small studies and three medium-sized studies conducted in patients with stable angina in the 70s who were randomly selected for surgical revascularisation or medical treatment as an initial strategy [13] . We would like to note two considerations: firstly, of the 2649 patients included in this study only 150 (6.6%) had LMCAD; and secondly, medical treatment consisted only of administrating beta-blockers (in 66% of patients), occasionally the administration of aspirin (18.8%), without using statins or angiotensin-converting-enzyme inhibitors. This meta-analysis showed a benefit for revascularisation at five years of follow-up (RR = 0.32, 95% CI: 0.15 to 0.70, p = 0.005), but this was lost at 10 years (RR = 0.67, 95% CI 0.35 -1.3, p = 0.24). An important breakthrough in the treatment of LMCAD was the advent of PCI, which has become an excellent alternative since the introduction of the stent. The SYNTAX [14] study compared the effect of SR and PCI with drug-eluting stents in three-vessel disease and LMCAD, demonstrating that mortality and stroke rates after the procedure were similar with both techniques. The rate of stroke was higher in the surgical revascularisation group, whereas the need for repeat revascularisation was higher in the PCI group.
Clinical Instability and Severity of LMCAD
Two clinical conditions merit special attention. Firstly, we have found that patient clinical instability is a factor associated with greater revascularisation benefit. In other words, stable patients do not seem to benefit from revascularisation to the same degree. There is a paucity of current data on the need for revascularisation in stable patients. In fact, the CASS registry on LMCAD only has data for 53 asymptomatic patients compared to a total sample of 1477 that were virtually all symptomatic [15] . The prognosis for clinically stable patients was reported to be positive (annual event rate: 2.8%) for patients with LMCAD and/or three-vessel disease [16] . This positive prognosis would be difficult to improve on with any surgical or percutaneous revascularisation tech- nique. Secondly, the severity of LMCAD lesions is another aspect that should be taken into consideration. We found that patients with lesions greater than 70% benefit from revascularisation, whereas there is some doubt about the efficacy of revascularisation in lesions between 50% -70%. Again, this is poorly defined in the literature. In a sub-analysis of the veterans series [17] , 91 patients had lesions between 50% and 75% and the benefit of revascularisation could not be demonstrated (p = 0.089). In the CASS registry, the benefit for the subgroup of patients with lesions of 50% to 59% [18] could not be demonstrated. Traditionally the argument for revascularisation of LMCAD has been the elevated risk for the patient in event of plaque complications or acute occlusion. However, the risk of plaque rupture and acute coronary syndrome in the evolution of patients with coronary artery disease is not well documented. There is evidence that patients with LMCAD lesions below 50% actually run a slight risk of rupture without excess mortality at seven years (HR 0.98, 95% CI 0.79 to 1.23) [19] . The hazard of lesions between 50% and 70% is unknown, but if we consider that most acute coronary syndromes are caused by less severe plaques, then the risk should not be excessively greater than in patients with less severe lesions, and we know that the prognosis will be good.
It is well known that coronary angiography has limitations in terms of quantifying the severity of LMCAD le- sions. However, the assessment of fractional flow reserve in these patients with a cut-off value of less than 0.75 for opting for revascularisation also failed to show differences between revascularised and non-revascularised patients in a follow-up of 38 months [20] . Despite these data, growing importance has been placed on quantifying coronary artery threshold lesion values [21] , because in the real world lesions with a luminal area greater than 6 mm [2] are not uncommon.
Changes in the Prognosis of LMCAD
We believe that one of the factors that could explain our results are advances in the pharmacological treatment of LMCAD. The last 30 years have seen remarkable progress in secondary prevention and the benefit of surgery for patients with LMCAD, on par with the benefit from statins in secondary prevention, for example. The 4S study with simvastatin in patients with stable ischemic heart disease found a relative risk reduction of 30% in terms of mortality [22] . Current high-dose statins induce a relative reduction in risk in both non-revascularised and revascularised patients [23] . But statins are not alone in altering the natural history of patients with ischemic heart disease: the nearly systematic use of aspirin and, on many occasions, angiotensin-converting-enzyme inhibitors for ventricular dysfunction, heart failure and diabetes is changing the natural history of revascularised as well as non-revascularised patients [24] . Patients with LMCAD are currently selected for surgical revascularisation or PCI based on surgical risk, clinical characteristics and patient preferences, with a cumulative mortality of 25.2% at three years [6] [7] , but there are no data on the characteristics or follow-up of patients who do not receive revascularisation. In light of this, our study underscores the poor prognosis of patients who do not undergo revascularisation, of which more than half die within three years after diagnosis. Therefore, we believe that before making the decision for or against revascularisation for patients with LMCAD, clinical variables such as age, ventricular function, clinical instability at the time of diagnosis, and severity of the lesion of coronary artery should be should taken into consideration in addition to presenting a significant LMCAD, as these factors may influence patient prognosis.
Limitations
Our study has several limitations that should be emphasised. It is an observational study based on data obtained from a retrospective cohort with a limited number of variables for the analysis of results. Most patients were treated with revascularisation surgery and fewer with PCI. Although PCI is gaining prominence in our field, during the period in which patients were included in the study, several studies also showed concern for the negative prognosis of patients treated with PCI in the medium-term [9] - [11] .
Another limitation of the study, which began in 2001, is that Euroscores were not available for all patients. We should mention that the dismissal of the case for revascularisation was made by medical consensus in a joint session. Comorbidity and poor distal vessels were the most frequent reasons for not performing surgery.
Finally, we do not know the exact medical treatment used in revascularized and not revascularized patients, but we do not think than medical treatment was significant different between groups.
Conclusion
In our series, we observed that surgical revascularisation or PCI in selected cases is indicated for most patients with significant LMCAD, especially in the event of clinical instability, ventricular dysfunction or severe LMCAD lesion. In the absence of these conditions, the indication for revascularisation should be considered, with data from other revascularised and non-revascularised patient series with long-term follow-up. These series are highly recommended for comparison with our results and in order to define the minimum and maximum group benefit of revascularisation in patients with LMCAD.
